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We believe that restoration of adequate coaptation at the annular level is essential for a competent valve. Saline injection to the left ventricle may not represent the systolic phase of the mitral valve, and thus the length of artificial chordae determined by this measurement may not be correct.
Preoperative measurement of chordae by transesophageal echocardiography has an advantage in that it reduces crossclamp and bypass times. 2 It requires an experienced operator, however, to avoid tilting the measurement and thus achieve a correct length. Also, the points at which the needle passes through the papillary muscle and leaflet may be different from the points of measurement. That changes the desired length.
In our experience, use of the corresponding nonprolapsed chordal length is the best method for tailoring artificial chordae. Intraoperative measurement of the length of nonprolapsed segment with a caliper has been proposed by others. 4 Our method represents a similar idea but allows us to skip the process of measuring and then making artificial chordae outside the operative field. The decrease in operative steps reduces operative time and thus potential for errors.
The easiest way to fix a knot is to tie it on a fixed point. Because Gore-Tex is a monofilament suture, crushing should be avoided to prevent weakening its tensile strength, as specified in the manufacturer's instructions. Although double-sided rubber-protected artery forceps can prevent crushing, the suture may slip while tying knots. Since adopting a single-sided rubber-protected clamping technique, we have not encountered Gore-Tex suture rupture or knot slippage. Moreover, only 4 of 87 artificial chordae (4.6%) have required revision for incorrect length. This means that most measurements with this technique are accurate. The instruments used in this method are easily available and inexpensive (Figure 1, F) .
This straightforward and reproducible technique makes the use of artificial chordae an effective and simple method to treat leaflet prolapses in mitral regurgitation.
Reversed L-shaped deformity of the anterior mitral leaflet and its reparative technique Shinji Masuyama, MD,* Akira Marui, MD, PhD,* Takeshi Shimamoto, MD, and Masashi Komeda, MD, PhD, Kyoto, Japan Although mitral valve repair for mitral regurgitation (MR) has become very popular, surgeons sometimes encounter difficult cases to repair. In this article we report 2 cases of successful repair for complex reversed L-shaped deformity, a complex lesion of anterior mitral leaflet (AML) prolapse (ie, toward the left atrium) with tethering (ie, toward the left ventricle), the former by elongation or rupture of the primary chordae and the latter by tethering of the secondary chordae ( Figure 1 ).
CLINICAL SUMMARY
Surgical treatment for reversed L-shaped deformity is a combination of the following 3 techniques: cutting of the secondary chordae, 1 translocation of the secondary chordae, 2 and reconstruction of the primary chordae 3 for the AML (Figure 2 ).
After median sternotomy and during cardiopulmonary bypass with cardiac arrest, the mitral valve was exposed through a standard right-sided left atriotomy.
First, secondary chordal cutting is performed. Secondary chordae are recognized by flipping over the anterior leaflet. In this chordal cutting step, all the secondary chordae were severed at their insertion to the AML for ameliorating the leaflet tethering.
Second, chordal translocation is performed, wherein a Teflon-pledgeted 5-0 polytetrafluoroethylene (PTFE) suture was placed in each papillary muscle tip, which is the site of origin of the secondary chordae. The suture is then passed through the midseptal annulus (saddle horn) and through the left atrial wall and then put through the tourniquet and cross-clamped to fix the chordal length at the desired chordal tension. Care is taken to avoid damaging the aortic cusps. The length of this chordal translocation stitch is adjusted such that it is taut to avoid excess tension on the chordae and it maintains valvular-ventricular continuity and left ventricular (LV) dimension/function. 2 Finally, AML prolapse is repaired by using the conventional chordal reconstruction technique. A Teflon-pledgeted 5-0 PTFE suture, which is used as artificial chordae, is placed in the posterior papillary muscle tip. The PTFE chordae are brought through the free edge of elongation or the ruptured segment and fixed with adjusted length. In both cases annuloplasty was performed: a flexible ring was sutured to the mitral annulus with 2-0 Tycron interrupted mattress sutures.
We experienced 2 cases of reverse L-shaped deformity of the AML and successfully treated them with our surgical strategy. Case 1 was a 75-year-old woman who presented with severe MR and accompanying LV dysfunction (left ventricular ejection fraction [LVEF], 19%) because of dilated cardiomyopathy. Echocardiography revealed (1) AML prolapse caused by primary chordal rupture in the middle to posterolateral side of the AML and (2) tethering (depth of tethering, 5 mm) of the AML. Case 2 was a 64-year-old man with ischemic cardiomyopathy (LVEF, 19%) and moderate MR. Echocardiographic analysis revealed (1) prolapse of the AML caused by elongation of the primary chordae and (2) severe tethering (depth of tethering, 9 mm) of the AML. In both patients the postoperative courses were uneventful, and echocardiographic analysis showed the absence of residual MR and tethering and improvement in LVEF (30% and 60% in cases 1 and 2, 
DISCUSSION
In this report we have described 2 surgical cases of complex MR with reversed L-shaped deformity of the AML and have discussed the repair technique for the lesion. However, the treatment of AML prolapse is more complex than that of posterior mitral leaflet (PML) prolapse, and it does not necessarily provide a satisfactory long-term result.
Several techniques, such as chordal transfer, 4 papillary muscle repositioning, 5 and chordal reconstruction, 3 have been reported for the repair of AML prolapse. Chordal transfer (PML to AML) is an excellent technique to treat AML prolapse but is limited by the number of chordae available. In addition, it is not ideal that PML be made use of for the repair of AML prolapse because the PML is intact and the procedure can create new ''disease'' to the intact part of the PML. It should be avoided if possible. Papillary muscle repositioning is also an effective technique for the repair of AML prolapse. However, if the prolapse is accompanied by leaflet tethering, papillary muscle repositioning can lead to further deterioration of leaflet tethering.
Chordal reconstruction 3 is advantageous for the treatment of AML prolapse. This technique does not require leaflet resection and is useful for the repair of any type of prolapse. In our case, because there were no degenerative changes in the AML, we conjectured that leaflet resection could be avoided. However, artificial chordal replacement alone could not resolve the problem of residual tethering. Residual tethering might lead to recurrent functional regurgitation during the postoperative period.
To overcome the limitations of chordal cutting, we have developed a chordal translocation stitch that restores the continuity between the papillary muscle tips and the anterior mitral annulus. Chordal cutting, 1 which involves the disruption of the secondary chordae, is a simple method performed to repair tethering. However, to accomplish chordal cutting, the first chordae should be intact. If chordal cutting is performed with ruptured or elongated first chordae, MR can deteriorate because of worsening AML prolapse. Hence care must be taken to detect lesions in the first chordae before performing chordal cutting. Another limitation of chordal cutting is that it involves the excision of secondary chordae that maintain mitral valvular-ventricular continuity, which plays an important role in LV structure and function. Thus chordal cutting might reduce AML tethering and mitral valve regurgitation at the cost of LV systolic geometry, function, or both. A combination of chordal placement and chordal cutting/translocation might be helpful to repair the valve in patients with poor LV function.
In conclusion, a combination of secondary chordal cutting, chordal translocation, and chordal reconstruction of the AML can be effective to treat reversed L-shaped deformity, which is a complex AML lesion. Further studies are warranted in clinical settings.
